The relation between the chemical constitution and the germicidal activity of certain monohydric alcohols and phenols has already been discussed (Tilley and Schaffer, 1926) . The present paper will report an extension of these studies to other monohydric alcohols and phenols and to some dihydric phenols and the corresponding intermediate ketones.
J. M. SCHAFFER AND F. W. TILLEY isobutyl resorcinol to isohexyl resorcinol inclusive, and the corresponding intermediate ketones of both series. Dohme (Sharpe and Dohme and Dohme, 1925) has reported melting points for some of these compounds and as the preparations furnished us by Leonard were found to melt at the corresponding temaperatures and as they appeared to be already of a high degree of purity, they were at first used in the bacteriological tests without further attempts at purification. In tables 1 and 5 these preparations are indicated by the addition of "A1l" to the names of the respective compounds.
In testing the bacteriological action of these preparations, however, we were not always able to duplicate the results of previous investigators (Johnson and Lane, 1921; Leonard, 1924) , and since we noted marked irregularities in our own results we decided to attempt the further purification of the samples of the n-alkyl resorcinols received from Leonard. The members of the n-alkyl resorcinol series were therefore recrystallized from various solvents, for the most part from petroleum ether and from mixtures of petroleum ether and benzene, until by repetition of the process no further change could be produced in the melting points and bactericidal properties. It appears that in this way certain impurities of high bactericidal power were eliminated from the samples of n-butyl resorcinol and n-amyl resorcinol, but no appreciable change was produced in the other n-alkyl resorcinols. The recrystallized resorcinols have been designated by the symbol "A2" in tables 1 and 5. In view of the variations in bactericidal properties shown by some of these compounds in the course of several recrystallizations, it was thought best to check these results by carrying out another series of tests with materials obtained from another source. Accordingly, the following compounds were prepared in this laboratory-n-propyl resorcinol, n-butyl resorcinol, n-amyl resorcinol, and n-octyl resorcinol; and at the same time the series was extended to include ethyl resorcinol, n-nonylresorcinol, and a mixture consisting largely of n-octyl and n-decyl resorcinols. The method used in the preparation of these compounds was that reported by Johnson and Lane (1921) being very highly purified except in the case of the mixture mentioned above. The ethyl resorcinol, n-propyl resorcinol, n-butyl resorcinol, n-amyl resorcinol, n-octyl resorcinol, and n-nonylresorcinol were recrystallized until no further change was produced in the melting point or bactericidal properties, the finally purified samples being designated by "B2" in tables 1 and 5. In the case of n-butyl resorcinol and n-amyl resorcinol, partially purified products were also examined and have been designated as "B ' In the preparation of the mixture of alkyl resorcinols, the fatty acid used was a mixture obtained by the fractional distillation of the fatty acids of coconut oil and had an average molecular weight of 168 and a boiling point of 262°-285°. In view of the analysis of coconut oil reported by Armstrong et al. (1925) , the sample of mixed alkyl resorcinols was presumably a mixture of n-octyl and n-decyl resorcinols together with small amounts of higher homologues. For the sake of convenience this mixture of resorcinols has been designated "coconut" resorcinol.
In addition to the compounds already mentioned, some of the para-alkyl phenols were also prepared. In the preparation of the. p-n-amyl phenol and the p-n-hexyl phenol, the respective fatty acids were first of all combined with anisole in the presence of aluminum chloride to produce the para-alkyl ketone phenyl ether, after which the ketone was reduced with zinc and hydrochloric acid to give the para-alkyl phenyl ether, which in turn was reduced with phosphorus and hydriodic acid to produce the desired phenol.
The p-isoamyl phenol was made by condensing isoamyl alcohol with phenol in the presence of zinc chloride. While its composition is not definitely known, it probably is either p-isoamyl phenol or p-tertiary amyl phenol. Para-benzyl phenol was prepared through the action of benzyl chloride on phenol in the presence of zinc. (Zincke and Walter, 1904 standardized Anschutz thermometers were used, the stems being immersed in the vapors of the liquid during distillation. When the determinations were made at prevailing atmospheric pressures, which varied between 755 and 775 mm., the observed temperatures were corrected to normal pressure by use of the table of Young (1902) . The solidification points were determined, when a sufficient quantity of material was at hand, by immersion of the bulb and part of the stem of the thermometer in the material as it solidified. The melting points were determined by the capillary tube method in the usual manner.
BACTERIOLOGICAL WORK
For the purposes of the present investigation, just as in our previous work, the germicidal efficiency of the various compounds studied has been measured by the phenol coefficients determined by a modified Rideal-Walker method. The exact technic has been described in our previous paper but we wish again to emphasize the fact that the coefficients obtained by this method, unlike those determined by other methods, are based on the relative amounts, by weight, of the disinfectant and of the phenol standard required to kill the test organism in the same length of time.
In addition to the ordinary phenol coefficients there are also shown in the tables what are designated as "molecular" coefficients. As explained in our previous paper, these are the phenol coefficients reduced from their original gram-weight basis to a gram-molecular basis.
In direct continuation of our previous work with the para phenols, p-n-amyl phenol and p-n-hexyl phenol were prepared and tested. The results obtained are shown in table 2 with results reported in the previous paper, which are repeated for convenient .reference.
In the column headed "Ratio" there are shown the ratios between the molecular coefficients of successive members of the series. It will be seen that the average ratio of 3.3 mentioned in our previous paper holds true with B. typhosus as the test organism up to the coefficient of p-n-hexyl phenol, which is less than the figure expected. In this respect it resembles the coef-HIEMICAL CONSTITUTION OF ALCOHOLS AND PHENOLS 265 ficients of the higher resorcinols, as will be seen later. The average ratio with Staph. aureus as the test organism is 3.1 for the entire series.
The molecular coefficients of the higher members of the series have been calculated from the coefficients of para cresol by use of these ratios and the coefficients thus obtained are shown in table 2 under the heading "Calculated." It will be seen that they correspond very closely to the observed coefficients, except in the case of p-n-hexyl phenol with B. typhosus as the test organism.
A number of additional phenols and alcohols were also ex- Examination of the results shown in tables 2 and 3 indicates that the germicidal activity of isomeric compounds may vary widely, depending on the relative positions of the various constituent groups. Examples of this may be seen by comparing the coefficients of p-cresol and p-ethyl phenol with those of benzyl alcohol and phenylethyl alcohol, respectively, or the coefficient of p-ethyl phenol with the coefficients of the xylenols, or the coefficients of n-butyl phenol with the coefficients of thymol and carvacrol. So far as the isomeric phenols are concerned it appears that maximum efficiency is shown by those in which normal alkyl chains are attached to the benzene ring in a position para to the hydroxyl group, and that among these para J. M. SCHAFER AND P. W. TILLIEY compounds the bactericidal power increases with the increase in length of the alkyl chains.
If the results here reported for diethyl and triethyl carbinols be considered with the results for other alcohols reported in our previous paper it seems evident that among isomeric alcohols greatest efficiency is shown by compounds having the longest straight chains. It is interesting to note that the coefficients of cyclohexanol and the methyl cyclohexanols are approximately half as great as those of phenol and the cresols, while the relative efficiency of the isomers remains in the same order of para, meta, and ortho.
In table 4 there are shown the results obtained with the normal and isoresorcinols and the normal ketones, except the acetyl and octylyl resorcinols. No results are shown for these two ketones because in each case a saturated solution failed to kill B. typhom within the time limits of the test. The isobutyl, isoamyl, and isohexyl ketones also were so little soluble as to prevent obtaining coefficients for them.
Orcinol should properly not be included in this homologous series of resorcinols because its methyl group is meta to both hydroxyl groups, whereas its isomer of this series would have its methyl group para to one hydroxyl group and ortho to the other. It were tested before complete purification and those marked A2 and B2 after complete purification.
In connection with the molecular coefficients there are shown in table 4 in the column headed "Ratio, " the ratios between the coefficients of successive members of each series. Although there are irregularities it seems that with B. typhosus as a test organism the average ratio for the normal resorcinols from ethyl to hexyl, inclusive, is 3.37 while the ratios for the isoresorcinols and normal ketones are approximately 3.1 and 3.0, respectively.
The coefficients of the higher. members of each series have been calculated from the coefficient of the lowest member by the use of these ratios and the coefficients thus obtained are shown in table 4 in the column headed "Calculated." In the normal resorcinol series the observed and calculated coefficients correspond very closely up to that of n-heptyl resorcinol, where there is a decided difference which is still more marked in. the case of n-octyl resorcinol. The same sort of difference between observed aild calculated coefficients is seen in the case of the n-heptyl ketone. With "coconut" resorcinol the difference between the observed and the estimated coefficient is even more marked than with n-octyl resorcinol.
When the higher resorcinols were tested at higher temperatures and over longer periods of time there was an increase in germicidal efficiency which was most marked in the highest members of the series. With n-hexyl resorcinol a dilution of 1:16000 killed B. typhons in ten minutes at 250, and 1:20,000 in thirty minutes CHliEMICAL CONSTITUION OF ALCOHOLS AND PHENOLs 269 at 37.5,°while with n-octyl resorcinol a dilution of 1:10,000 killed the organism in twelve minutes at 200, 1:40,000 in ten minutes at 250, 1: 120,000 in ten minutes at 37.5°, 1: 100,000 in thirty minutes at 250, and 1:160,000 in forty-five minutes at 37.5°. In a similar manner B. typhoBus was killed by "coconut" resorcinol in ten minutes at a dilution of 1: 10,000 at 250 and at a dilution of 1:40,000 at 37.5°, and by n-heptyl resorcinol at a dilution of 1: 35,000 in ten minutes at 250, and 1: 60,000 in thirty minutes at 37*50* The coefficients obtained for the higher resorcinols as shown in table 4 are much greater than the coefficients reported previously by other investigators. In attempting to ascertain the cause of this discrepancy we found that the strajn of B. typhosus employed throughout our work up to that time, and which will be designated hereafter as strain no. 1, was much more sensitive to the higher resorcinols than other strains which were available, while the resistance of all the strains to phenol was approximately the same. These results suggested two possiblities: first, that strain no. 1 was really not B. typhosus at all, and second, that the ratios previously noted and reported might be true only for that particular strain. Strain no. 1 therefore, was, carefully compared with other strains of B. typhosus which were available and all were positively identified as B. typhosus. Comparatve tests were then made with these strains of B. typhosus on the paraphenols table  8 . It will be noted that the phenol coefficients of the various normal resorcinols are practically the same with all three strains of Staph. aureus. For that reason molecular coefficients and ratios are shown for only one strain. The average ratio for the series from ethyl to heptyl is 3.1, the ratios for the higher members of the series being much lower. The n-amyl and n-hexyl phenols were also tested with the same three strains of Staph. aureus and the results obtained for each of these compounds were very much alike with all three strains.
DISCUSSION
Consideration of the results reported previously, together with those of the present investigation discloses the interesting fact that with B. typhosus as the test organism the average ratio of 3.37 for the molecular coefficients of successive members of the normal resorcinol series is very close to the ratios 3.36 and 3.3 for the primary alcohols and para-phenols, respectively, while with Staph. aureus as the test organism the para-phenols and normal resorcinols have the same average ratio of 3.1. This similarity in ratios indicates that the bactericidal power of any member of the different series of compounds studied is affected essentially to the same degree by the introduction of the methyl group. The irregularities in the action of some of the higher phenols and resorcinols and the decrease in the ratios which occurs with the higher members of each series do not seem to us to detract in any essential way from the significance of the ratios which we have reported here and in our previous paper.
The work with the lower members of each series having demonstrated a relation between chemical constitution and bactericidal action, it became possible to predict the efficiency of compounds which had not yet been prepared. This led to the preparation of compounds of extremely high bactericidal efficiency, the highest of which had a bactericidal efficiency 1,000 times that of phenol, weight for weight. Another point of considerable interest is the "selective" action of the higher phenols and resorcinols against Staph. aureus. shown in its highest degree by the remarkably high coefficients of n-octyl and n-nonyl resorcinols. Although these coefficients are much higher than any previously reported for similar compounds, there is no reason to suppose that the upper limit has been reached. If, as seems quite possible, the higher phenols and resorcinols manifest similar "selective" action against other bacteria, it is only natural to suppose that they may be found to be of practical value in medicine.
It In a previous paper the authors have shown that the bactericidal power of the alcohols and phenols increases so uniformly with the molecular weight that the rate of increase may be expressed by definite numerical ratios. The present paper reports the results of similar work with other alcohols and phenols and with various resorcinols and the corresponding intermediate ketones.
The results here reported for alcohols and phenols confirm the conclusions stated in the previous paper. The combined results of both papers indicate that the germicidal activity of the isomeric alcohols and phenols varies widely, depending on the position of the various constituent groups. Among isomeric alcohols greatest efficiency is shown by compounds having the longest straight chains and among isomeric phenols maximum efficiency is shown by compounds having the longest straight chains in positions para to the hydroxyl group. The coefficients of cyclohexanol and the methyl cyclohexanols were found to be approximately half as great as those of phenol and the corresponding cresols.
The results here reported for the resorcinols and the normal ketones indicate that with B. typhosu8 as the test organism the ratios between successive molecular coefficients are 3.37 for the normal resorcinols, 3.1 for the isoresorcinols, and 3.0 for the normal ketones.
With Staph. aureus as the test organism results reported here and in our previous paper indicate an average ratio of 3.1 between successive molecular coefficients for the para-phenols and results reported in the present paper indicate the same ratio of 3.1 for the coefficients of the normal resorcinols.
The higher phenols and higher resorcinols were found to be relatively much more efficient against Staph. aureus than against B. typhosus.
